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Upper tropospheric humidity (UTH) has been derived 
using a ‘brightness temperature (Tb) transformation’ 
method from the humidity sounder channels of 
SAPHIR payload on-board Megha-Tropiques (MT). 
These channels are very close to the water vapour  
absorption peak at 183.31 GHz. The channel at 
183.31  0.2 GHz enables retrieval of humidity up to 
the highest altitude possible with the present nadir-
looking microwave humidity sounders. Megha-Tropi-
ques satellite has an equatorially inclined orbit, which 
ensures frequent spatial and temporal coverage of the 
global tropical belt. Transformation coefficients for 
the first three channels for all the incidence angles 
have been derived and are used to convert brightness 
temperatures to weighted average upper tropospheric 
humidity having weighting function peaks at different 
pressure levels. The methodology has been validated 
by comparing the SAPHIR-derived UTH with that de-
rived from radiosonde observations. Inter-comparison 
of the derived UTH has been done with layer averaged 
humidity product from SAPHIR measurements and 
with UTH product using infrared measurements from 
Kalpana satellite (MOSDAC). UTH over the tropical 
belt for six months has been studied taking the ad-
vantage of the humidity product with high spatial and 
temporal resolution. The transformation coefficients 
and methodology to identify the cloud-free pixels to 
derive UTH from the three channels for all the possi-
ble incidence angles are presented here, so that the  
users can directly derive UTH from the brightness 
temperature data. 
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WATER vapour is a critical greenhouse gas in the atmos-
phere, which plays an important role in the energy budget 
and in the formation of clouds. In particular, the distribu-
tion of free tropospheric humidity over the inter-tropical 
belt has been identified as an important contributor to the 
water vapour feedback in global warming
1
. The importance 
of upper tropospheric humidity (UTH) in the Earth’s  
radiation budget has been well illustrated
2
. Radiosonde 
measurements of humidity are sparse and tend to have 
problems under highly dry conditions. In this context, 
satellite-based measurements have the advantage of 
providing tropospheric humidity globally. Infrared 
sounders on different platforms can provide information 
on humidity under cloud-free conditions
3
, but microwave 
sounders have the advantage of all-sky sampling. 
 Soden and co-workers
4,5
 have developed an interpreta-
tion tool which provides a convenient means of interpret-
ing the observed infrared radiance at 6.7 m channel in 
terms of upper tropospheric humidity, which is the 
weighted average of relative humidity in a layer from 
~200 to 500 hPa. Buehler et al.
6,7
 have derived the 
Jacobian weighted mean relative humidity of the upper 
troposphere using the 183.31  1.0 GHz channel of the 
Advanced Microwave Sounding Unit-B (AMSU-B) on-
board NOAA operational satellites and obtained daily 
maps of UTH to generate the climatology of UTH over 
the globe. AMSU-derived UTH has been used to study 
humidity variability associated with the Indian summer 
monsoon
8
. In the present communication, brightness  
temperature measurements of the first three channels 
(183.31  0.2, 183.31  1.1 and 183.31  2.8 GHz) of the 
SAPHIR humidity sounder on-board Megha-Tropiques 
(MT) have been used to derive Jacobian weighted mean 
UTH for three layers. The transformation coefficients for 
these three channels for all possible incidence angles and 
the methodology to find cloud-free pixels are also pre-
sented here, to help the users to directly derive UTH from 
SAPHIR brightness temperature data. 
 Unlike its predecessors such as SSM/T2 or AMSU-B, 
SAPHIR sounder is able to provide humidity information 
above up to ~200 hPa using its 183.31  0.2 GHz chan-
nel. It is a unique humidity sounder in terms of its num-
ber of channels, spatial resolution and coverage over the 
global tropical belt. The low inclination orbit with revis-
its at different local times of MT helps to capture the 
weather-related atmospheric variability. SAPHIR sounds 
at six frequencies around 183.31 GHz water vapour ab-
sorption line are listed in Table 1. This instrument has an 
improved spatial resolution (10 km) compared to similar 
instruments in other satellites. Maximum scan angles of 
SAPHIR are limited to around ~43, whereas those for 
AMSU-B are ~48.  
 Layer averaged humidity products are made available 
in the MOSDAC website (http://mosdac.gov.in). Howev-
er, MOSDAC does not provide the Jacobian weighted  
 
 
Table 1. SAPHIR channels and frequencies 
Channel no.  Frequency (GHz) Band width (MHz) 
 
S1  183.31  0.2   200 
S2  183.31  1.1   350 
S3  183.31  2.8   500 
S4  183.31  4.2   700 
S5  183.31  6.8  1200 
S6  183.31  11.0  2000 
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humidity (UTH) from SAPHIR channels, which is direct 
transformation of brightness temperature (Tb) to humidity 
in the upper troposphere. The present UTH products man-
ifest all the atmospheric humidity variability, irrespective 
of being over land or the ocean. 
 The transformation coefficients to convert brightness 
temperature measurements to UTH are derived for the 
first three channels (183.31  0.2, 183.31  1.1 and 
183.31  2.8 GHz) for each incidence angle7. The 
weighted mean upper tropospheric humidity was derived 
using these coefficients from the brightness temperature 
measurements of SAPHIR for the period July–December 
2012. Preliminary results from the analysis of the data are 
presented here. The present communication presents the 
characteristics of the Megha-Tropiques satellite and the 
humidity sensor SAPHIR, and describes other datasets 
used in the study. This is followed by a brief description 
of the methodology used to derive humidity, validation of 
UTH with different humidity measurements and an inter-
comparison with other humidity products. Then the re-
sults of the study are presented as well as the conclusion. 
Appendix presents the transformation coefficients (Table 
S1; see Supplementary Material online). 
 The Megha-Tropiques is a joint venture of the Indian 
Space Research Organization (ISRO) and the Centre  
National d’Etudes Spatiales (CNES), France, designed to 
study the tropical moisture and energy budget
1,9
. The sat-
ellite boards four payloads, namely SAPHIR (Sondeur 
Atmosph´erique du Profil d’ Humidit´e Inter-tropical par 
Radiom´etrie), MADRAS (Microwave Analysis and De-
tection of Rain and Atmospheric Structures), SCARAB 
(Scanner for Radiation Budget) and ROSA (Radio Occul-
tation Sensor for Atmosphere). Among these, MADRAS 
and SAPHIR are operated in the microwave regime to  
study the characteristic features of tropical weather sys-
tems such as cloud microphysics, precipitation, ocean 
surface winds, total water vapour and liquid water con-
tent. The 11-channel microwave imager MADRAS meas-
ures the upwelling irradiance at six different frequencies 
in the range 18.7–157 GHz (ref. 10). The data from 
MADRAS are also used to characterize the terrain and  
estimate microwave land surface emissivity
11
. SAPHIR is 
a millimetre waves sounder designed to study the tropical 
convective systems as well as the altitude profiles of 
tropospheric humidity. It is a cross-track scanning radio-
meter and the incidence angles near nadir are ~0.27 and 
50.4 for the outermost pixels. There are 182 pixels on a 
single scan line. The radiometer sensitivity varies from 
≤1 K for a bandwidth of 2 GHz to 2 K for 200 MHz and 
the calibration accuracy is 2 K (ref. 12). The sample size 
along the track varies from 10 to 15 km and across track 
from 10 to 23 km. The present study makes use of the 
brightness temperature (level-1 A1) data obtained from 
SAPHIR released by ISRO (http://mosdac.gov.in) In  
Table 2, the general sensor features of SAPHIR are com-
pared with those of AMSU-B. 
 In addition to the SAPHIR brightness temperature data, 
radiosonde measurements (http://weather.uwyo.edu/ 
upperair/sounding.html) are used for validation. UTH 
product derived from the infrared measurements by Very 
High Resolution Radiometer (VHRR) on-board Kalpana 
satellite (Kalpana UTH) and SAPHIR layer averaged  
humidity product (http://mosdac.gov.in) is used for the 
inter-comparison of SAPHIR UTH in the present study. 
 Humidity Jacobians (Kij) for the first three frequency 
channels (i) for each incidence angle are derived as a 
function of altitude (j) by providing the Chevallier pro-
files
13
, which cover a wide range of atmospheric tempera-
ture Tj and relative humidity RHj, as input to the radiative 
transfer model ARTS (Atmospheric Radiative Transfer 
Simulator)
14
. The ARTS model has been validated against 
a range of models
15
. Weighted mean relative humidity is 
then calculated for each profile using the relation 
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Brightness temperatures (Tb) are also simulated for each 
profile at each frequency–incidence angle combination 
using ARTS. From the regression relation 
 
 ln(UTH) = a + bTb.  (2) 
 
Two linear fit parameters a and b are derived for the 
transformation of brightness temperatures to UTH. Figure 
1 shows the Jacobians for the three channels used (for a 
typical tropical profile). 
 The derived coefficients are used to retrieve Jacobian 
weighted UTH from SAPHIR brightness temperature ob-
servations. The transformation parameters a and b for the 
three channels and for different SAPHIR incidence angles 
are listed in Appendix (Table S1, see Supplementary  
Material online). Pixels affected by deep convective 
clouds are identified using the brightness temperature dif-
ference method
16,17
, and these pixels are discarded. The 
part of the UTH error resulting only from radiometric  
 
 
Table 2. General features of SAPHIR and AMSU-B 
Features  SAPHIR  AMSU-B 
 
Orbital inclination ()  20  98 
No. of sounding channels  6  3 
Swath width (km) ~2060 ~2300  
No. of pixels/scan line 1  82  90 
Maximum incidence angle () 50.4 58.5 
IFOV ()  0.47 1.1 
Pixel size across track (km) 10–23 20–64  
Pixel size along track (km) 10–15  16–27  
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Figure 1. Humidity Jacobians for a tropical situation. 
 
 
 
 
Figure 2. Comparison of UTH derived from SAPHIR and that derived using radiosonde observations for channels 1–3 respectively. 
 
 
noise scales with the UTH value and has a relative stan-
dard deviation of approximately 7% for a radiometric 
noise level of 1 K (ref. 14). The weights in the definition 
of UTH depend on the atmospheric state; so a drier atmo-
sphere is sampled at lower altitudes and the weighting of 
a specific layer of the atmosphere is not constant
14
. 
 The above methodology for the estimation of UTH has 
been validated with radiosonde data (RAOB) (http:// 
weather.uwyo.edu/upperair/sounding.html). In the case of 
radiosonde data-based validation, radiosonde ascends that 
have measurements up to upper troposphere (100 hPa and 
above) have been identified from the Southeast Asian sta-
tions. Collocated level-1 SAPHIR brightness tempera-
tures within a space widow of  100 km and time window 
of  150 min are identified. The incidence angle of each 
collocated pixel is noted. The Jacobians at three channels 
are derived for the radiosonde measurements correspond-
ing to the incidence angle of each collocated pixel for 
each altitude of radiosonde measurement by applying the 
microwave radiative transfer computation (ARTS) to  
radiosonde data. The weighted mean value of RH [%] 
(UTH) is then computed based on these Jacobians. Figure 
2 shows the regression results between the radiosonde-
derived UTH and that UTH from the proposed methodo-
logy (SAPHIR-UTH) for first, second and third SAPHIR 
channels. The results of regression and statistical anal-
yses are tabulated in Table 3. The comparison is reasona-
bly good with correlation coefficient of 0.6 for all the 
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Figure 3. Comparison of UTH derived from SAPHIR (top, left) and the UTH product from Kalpana VHRR data (top, 
right). (Bottom) Latitudinal variation of the difference in UTH averaged for different longitudinal sectors. 
 
 
Table 3. Regression parameters of the comparison of UTH derived  
  from SAPHIR and that from RAOB 
Channel     Root mean square  
no. CC Slope y-intercept  difference (%) 
 
S1  0.64  0.4  23.4  14.0 
S2  0.62  0.5  23.4   7.0 
S3  0.60  0.6  23.6   4.2 
CC, Correlation coefficient. 
 
 
three channels and the root mean square difference  
between them is ~14%, 7% and 4% for channels 1, 2 and 
3 respectively. 
 The SAPHIR-UTH has been compared with Kalpana 
UTH
18
. Since the weighting functions of Kalpana VHRR 
and those of the channels of SAPHIR are different, they 
have different information content also. The channel 3 
UTH is the weighted average UTH of ~250–550 hPa alti-
tude layers. Channels 1 and 2 have weighting function 
peaks even at higher altitudes. Therefore, a qualitative 
comparison is made here between the average UTH  
derived from SAPHIR channel 3 for August 2012 for a 
region selected around peninsular India (65–105E and 
20S–20N, where Kalpana also has coverage) and  
Kalpana UTH of the same period. Figure 3 shows the av-
erage UTH derived from SAPHIR channel 3 for August 
2012 (top left panel) and the Kalpana UTH (top right 
panel). The bottom panel shows the latitude variation of 
the difference between both UTH, averaged for different 
longitudinal sectors. A considerable difference is seen 
only for latitudes below 10S. Here the atmosphere is dry 
and the SAPHIR sounds deeper than the Kalpana VHRR. 
This may be a possible reason for higher values of 
SAPHIR-UTH. 
 Another validation has been done by comparing the 
SAPHIR-UTH with SAPHIR layer averaged humidity 
product. Figure 4 shows the SAPHIR-UTH for channels 
1, 2 and 3 respectively (top panel); the SAPHIR layer  
averaged humidity product for the first three layers for 
the range 250–100 hPa, 400–250 hPa and 550–400 hPa 
respectively, for layers 1, 2 and 3 (middle panel) and 
their correlation plots (bottom panel). The correlation be-
tween them is 0.87, 0.97 and 0.98 respectively, for panels 
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Figure 4. SAPHIR-UTH (top panel, channels 1–3), layer averaged humidity product from SAPHIR (middle panel, layers 1–3) for August 2012 
and correlation between SAPHIR-UTH and the layer averaged humidity product from SAPHIR (bottom panel). 
 
 
1, 2 and 3 and the corresponding mean absolute differ-
ence is 10.36, 8.4 and 7.6 respectively. The first panel 
(for channel 1 and layer 1) has maximum difference. 
Here, the altitude of averaging is 250–100 hPa for the 
layer average humidity product. However, in the case of 
SAPHIR-UTH, the weighting functions have not shown 
any significant values above 150 hPa. This may be a pos-
sible reason for the difference. 
 Figure 5 shows the global maps of layer averaged UTH 
for channel 1 at 0.25  0.25 grid resolution from July to 
December 2012. The UTH in this altitude region varies 
from 5% to 60% in the tropical region. The region associ-
ated with deep convection in the inter-tropical conver-
gence zone (ITCZ) exhibits high UTH values. The        
regions of very low humidity correspond to the high pres-
sure regions in the descending arm of the overturning 
Hadley circulation over the South Pacific, North Pacific 
(Pacific high), North Atlantic (Bermuda high), South  
Atlantic, Indian Ocean and Australia. In the band with 
high UTH around the ITCZ, there are three regions with 
significantly high humidity, one each over Central Africa, 
the maritime region between South Asia and Australia, 
and Central America. All these three are the strongest 
convective regions, responsible for transport of a large 
amount of moist air into the upper troposphere. Seasonal 
variation is clear in the subsequent panels. During the bo-
real summer, the northern hemisphere is relatively more  
humid compared to the southern hemisphere. A gradual 
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Figure 5. Spatial distribution of monthly mean relative humidity (% RH) derived from 183.31  0.2 GHz from July (top panel) 
to December (bottom panel) of 2012. 
 
 
 
 
Figure 6. Average UTH (% RH) over the Indian peninsula and adjoining regions for July (top panel) and December (bottom panel) 2012. (Left 
column) Humidity derived from 183.31  0.2 GHz; (middle column) Humidity derived from 183.31  1.1 GHz; (right column) Humidity derived 
from 183.31  2.8 GHz. 
 
 
migration of humidity towards the south can be observed 
in the subsequent months, reflecting the southward  
migration of the ITCZ. 
 The standard deviation of UTH (% RH) corresponding 
to the monthly mean value was also analysed on a global 
basis, to indicate the day-to-day variations in UTH. Max-
imum variability in July was observed over the Pacific  
region and minimum variability over Madagascar. How-
ever, in December, though large variability was observed 
over the Pacific and North Atlantic regions, the low vari-
ability region had shifted to the Southwest Pacific (not 
shown). 
 The Indian subcontinent and its surrounding oceanic 
regions experience summer monsoon during June to Sep-
tember, characterized by extensive rainfall and cloudy 
skies. Detailed analysis has been carried out to study the 
Indian peninsular region and its surrounding oceanic  
regions. During the summer monsoon period moisture-
bearing winds sweep into the continent from the ocean. 
Maximum UTH is observed over and around the Indian 
peninsular region during these months
8
. During July, the 
upper troposphere in the Indian and Myanmar regions is 
highly humid (more than the Indonesian region, where 
the descending limb of the walker cell is located). The 
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Figure 7. Same as Figure 6, but for the standard deviation of UTH (% RH) in different layers of the upper troposphere. 
 
 
spatial extent of this high UTH region decreases from 
September and moves south (with the receding of Asian 
monsoon), finally being confined to the Indonesian  
region by boreal winter. 
 Figure 6 shows the average UTH (% RH) over the  
Indian peninsula and adjoining oceanic regions for July 
(top panel) and December (bottom panel) of 2012 at dif-
ferent altitudes. The left column represents the humidity 
derived from 183.31  0.2 GHz, the middle column is for 
the humidity derived from 183.31  1.1 GHz, and the 
right column for the humidity derived from 183.31  
2.8 GHz. The most important feature observed in this re-
gion is the high humidity value extending over a wide 
geographical region between the equator and 20N over 
the Indian Ocean associated with the Indian summer 
monsoon during July. The area encompassed by the high 
humidity region in the middle troposphere (third column) 
is greatest during July and begins to move south in  
September. It further weakens, moves southward and  
becomes focused over the Indonesian region by Novem-
ber–December. It is interesting to note that the humidity 
content in the upper troposphere (first and second  
columns) is greatest over the head Bay of Bengal (BoB) 
region during July–September. This confirms the finding 
of Meenu et al.
19
. Another important feature of UTH in 
Figure 6 is a relatively dry region around the tip of the 
Indian peninsula and Sri Lanka during the monsoon  
period. In July, the high humidity region in the middle 
troposphere (third column) encompasses a relatively low 
humidity region between the equator and 10N at 70–
85E. This is the region of inhibited cloudiness resulting 
from a large-scale surface divergence
20
. The double ITCZ 
structure
21,22
 is also feebly seen in the middle tropospher-
ic humidity during November and December 2012.    
Figure 7 shows the standard deviation of UTH at differ-
ent levels in different months during the study period. 
The variability of middle tropospheric humidity is small 
over Indian region during the monsoon period. In No-
vember and December, the high variability region gets 
aligned to around 5N and 10S with a low variability 
(and high UTH) region centred around the equator (only 
July and December are shown). 
 Thus, UTH at different levels are derived from the first 
three channels of Megha-Tropics SAPHIR brightness 
temperature data. The Tb to UTH transformation coeffi-
cients for the three upper tropospheric layers for all inci-
dence angles are estimated. These transformation 
coefficients and the methodology to find cloud-free pix-
els have been presented, so that users can directly derive 
UTH from SAPHIR brightness temperature data. The 
methodology has been validated by comparing the 
SAPHIR-derived UTH with that derived from RAOB. 
The layer averaged UTH product has also been compared 
with Kalpana UTH. SAPHIR gives UTH at the highest 
possible altitude using the present microwave nadir-
viewing techniques. The derived UTH depicts all gross 
and general features of atmospheric circulation. This 
high-resolution UTH will help to study several diurnally 
varying tropical weather features, as well as to develop 
diurnally unbiased humidity climatology. 
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The latest (2014) release of the SCImago Institutions 
Rankings (SIR) allows to compare the research 
performance of leading higher education institutions 
in India and China using an end-to-end bibliometric 
performance analysis procedure. Six carefully chosen 
primary and secondary bibliometric indicators 
summarize the chain of activity: input–output–excel-
lence–outcome–productivity. From principal component 
analysis it is established that the primary indicators 
are orthogonal and represent size-dependent quantity 
and size-independent quality/productivity dimensions 
respectively. Using this insight two-dimensional maps 
can be used to visualize the results. 
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BOTH in India and China, the higher education institu-
tions (HEIs) taken together are the key contributors to 
their academic research output. HEIs constitute 19 out of 
the top 20 research entities in China, and 15 out of the top 
20 in India according to the latest SCImago Institutions 
Rankings (SIR) World Reports
 
(http://www.scimagoir. 
com/). Overall there are 391 HEIs from China and 156 
from India in the SIR list for 2014. Most of these can be 
considered as significantly research-intensive. So far, the 
